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ABSTRACT: 

PROBLEM TO BE SOLVED: To obtain the magneto -resistance sensor in 
spin valve 

structure having an antiferromagnetic layer which produces an 
exchange coupling 

magnetic field between a ferromagnetic material and a pin magnetic 
layer even 

after a heat treatment, effectively suppresses the rotation of the 
magnetism of 

the spin magnetic layer due to the bias magnetic field of a magnetic 
head, and 

can obtain a high MR output. 

SOLUTION: The spin valve magneto- resistance sensor has a magneto- 
resistance 

effect film 3 formed by stacking on a substrate a ferromagnetic layer 
4 and a 

pin magnetic layer 6 arranged across a nonmagnetic conductive layer 5 
and an 
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antif erromagnetic layer 7 adjacent to the pin magnetic layer. In 
this case, 2 

to 10 at% added to PtMn alloy, and 45 to 55 at% Mn and Pt for the 
rest are 

added; and the antif erromagnetic layer is formed of the PtMcCr and 
thermally 

treated at 250 to 3006cdeg;C. In this case, the antif erromagnetic 
layer is 

foinned of PdPtMnCr alloy obtained by adding 2 to 10 at% Cr, 45 to 

at% Mn, 20 

to 35 at% Pd, and Pt for the rest to PdPtMn alloy and thermally 
treated at 250 

to 300°C in a vacuum magnetic field. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
dcunages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the magnetometric sensor and the thin film magnetic 
head using especially a spin bulb magneto-resistive effect about the magnetic-reluctance mold sensor 
used for a magnetic recording medium. 
[0002] 

[Description of the Prior Art] recently - playback - ** - the magnetic head - setting - saturation - a 
field — small - carrying out -- a field — sensibility — raising — a sake — a substrate -- a top -- a non- 
magnetic layer — inserting — one — a pair - a magnetic layer — a laminating — having carried out — 
sandwich structure ~ spin ~ a bulb — the film — from — becoming ~ magnetic reluctance ~ (— MR ~) ~ 
a sensor — developing — having — ****. To the spin bulb film being fixed in the component height 
direction by the switched connection field with the antiferromagnetism layer in which magnetization of 
one magnetic layer (pin magnetic layer) adjoins it, generally magnetization of the magnetic layer (free 
magnetic layer) of another side is single-domain-ized crosswise [ of a component / truck ] by the hard 
bias method using the field of a permanent magnet, and rotates freely by the external magnetic field. 
[0003] The linearity of the magnetic response to an external magnetic field is secured, and the magnetic 
properties of a magnetometric sensor improve, so that a pin magnetic layer can be single-domain-ized 
good, so that the one direction anisotropy magnetic field by the antiferromagnetism layer is large, and 
the magnetization is fully fixed. As an antiferromagnetism ingredient, a big switched connection 
magnetic field is obtained, blocking temperature can be made high, it excels in corrosion resistance, 
properties, like that heat treatment (annealing) temperature is low and thickness can be made thin are 
required, and various ingredients are proposed from the former so that it may be indicated by JP,9- 
3 52 12, A, for example. 
[0004] 

[Problem(s) to be Solved by the Invention] However, the FeMn alloy currently generally used as an 
antiferromagnetism ingredient from the former has the problem of being easy to corrode. Moreover, 
since an IrMn alloy, a RhMn alloy, a FeMn alloy, etc. tend to be influenced of a substrate layer, it is 
necessary to prepare the high substrate film of a crystal (111) stacking tendency, or to thicken thickness 
with the so-called bottom type which arranges an antiferromagnetism layer especially to a substrate side, 
and carries out the laminating of the pin magnetic layer on it of spin bulb structure. Moreover, in a 
NiMn alloy, in order to fully secure switched connection with a pin magnetic layer, it is necessary to 
heat-treat at an elevated temperature 250 degrees C or more (annealing). However, since it is easy to 
diffuse Mn as compared with the PtMn alloy and PdMn alloy which are mentioned later, a NiMn alloy 
has a possibility of diffusion of a metallic element arising and reducing MR ratio between a pin layer / 
non-magnetic layer / free layer. 

[0005] The magneto-resistive effect mold read head which Pt used 5 - 54at%, and Mn used the 46 - 
95at% PtMn alloy, and formed the antiferromagnetism layer in JP,9- 147325, A, and was heat-treated at 
the temperature of 200 degrees C - 350 degrees C in order to solve this problem is proposed. 
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Furthermore, the dual spin bulb mold thin film magnetic head which formed the antiferromagnetism 
layer using the Pt-Mn-X alloy (X=nickel, Pd, Rh, Ru, Ir, Cr, Fe, Co) of a property with Pt equivalent 
[ 44 - 51at% and Mn ] to a 49 - 56at% PtMn alloy or this and the desirable PdMn alloy is indicated by 
JP, 10-9 1921, A. according to both official reports ~ a PtMn alloy ~ corrosion resistance - good - an 
exchange anisotropy field — large — and — thermal — being stabilized - the upper and lower sides of a 
pin magnetic layer — even if it carries out a laminating to any, an effective exclaange anisotropy field can 
be demonstrated, blocking temperature is high and the good thin film magnetic head excellent in the 
linearity responsibility and thermal stability of a magneto-resistive effect is obtained, 
[0006] Moreover, the spin bulb sensor which constituted the magnetic-domain control layer which 
carried out contiguity junction, and which was formed in the both ends of a spin bulb sensor layer by the 
laminated structure of Ta film, the ferromagnetic NiFe film, and the antiferromagnetism CrMnPt film is 
indicated by JP,9- 169.23, A. According to this official report, while corrosion resistance improves 
remarkably according to that presentation being Cr30 - 70at%, Mn30 - 70at%, Pt3.0 - 30.0at%, and there 
being many Cr contents, this antiferromagnetism film shows a good switched connection property with 
the NiFe ferromagnetic formed in that lower layer by addition of Pt, and its blocking temperature is 
high. 

[0007] By forming an antiferromagnetism layer using a corrosion resistance high PdPtMn alloy further 
from a PtMn alloy, and heat-treating at the comparatively low temperature of about 230 degrees C, 
antiferromagnetism can be given without degrading a magnetic-reluctance property, and the magnetic 
resistance element of the spin bulb structure which raised dependability by that cause is indicated by 
JP,9-81915,A. According to this official report, the amount of bias fields with a PdPtMn alloy especially 
expensive when the atomic fraction of Mn is 48 - 54at% is obtained, 

[0008] moreover, in Ken-ichi Aoshima's and others paper "examination of the substrate of the PdPtMn 
spin bulb film" (Magnetics Society of Japan Vol. 22, No.4- 2, 1998, the 501-504th page) In the spin bulb 
film which has arranged the antiferromagnetism layer of a PdPtMn alloy to the substrate side When not 
NiFe but NiFeCr is used for the furring, a switched connection field increases and it is reported by when 
the crystal (111) stacking tendency of a PdPtMn antiferromagnetism layer improves that MR ratio 
improved. 

[0009] However, with the PdPtMn system alloy mentioned above, although improved, since the one 
direction anisotropy magnetic field after heat treatment for regulation-izing is not large enough, ****** 
has ** which the direction of an anisotropy rotates in an operation of the bias magnetic field inside the 
magnetic head etc. Therefore, there was a problem that MR output of a spin bulb sensor declined 
gradually, and it became impossible to maintain a high playback output, and it spoiled the dependability 
of the magnetic head. 

[0010] Then, in view of the conventional trouble mentioned above, after heat treatment demonstrates a 
high switched connection magnetic field between the pin magnetic layers of a ferromagnetic ingredient, 
and controls effectively rotation of magnetization of the pin magnetic layer by the bias magnetic field of 
a magnetic head, and the purpose of this invention has it in offering the magnetic-reluctance sensor of 
the spin bulb structure equipped with the antiferromagnetism layer from which high MR output is 
obtained. 

[001 1] Moreover, by having this spin bulb magnetic-reluctance sensor, another purpose of this invention 
has outstanding magnetic properties and high dependability, and is to offer the thin film magnetic head 
of the high performance which can attain high recording density-ization. 
[0012] 

[Means for Solving the Problem] The spin bulb magnetic-reluctance sensor characterized by to be for 
attaining the purpose mentioned above, to be a spin bulb magnetic-reluctance sensor equipped with the 
magnetic-reluctance film which carried out the laminating of one pair of magnetic layers arranged on 
both sides of a nonmagnetic conductive layer on a substrate and the antiferromagnetism layer which 
adjoins said one magnetic layer, and for said antiferromagnetism layer to consist of a Pd-Pt-Mn-Cr 
alloy, and to heat-treat this invention for the regulation-izing is offered. 

[0013] By carrying out optimum dose addition, and heat-treating Cr into a PdPtMn alloy, in this way, 
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and regulation-izing the crystal structure, an invention-in-this-application person can increase the 
switched connection magnetic field Hex, rotation of magnetization of a pin magnetic layer is small also 
all over a hot magnetic field by that cause, therefore he used to find out that MR output does not decline 
and used to result in this invention. Magnetic properties were evaluated, after in selecting Cr as a metal 
X added into a PdPtMn alloy forming PdPtMnX on the substrate film which consists of 
TalOOA/CoFelOOA of a glass substrate by having made Zr, Nb, Ti, Cr, Ta, Mo, W, V, and aluminum 
into the candidate and heat-treating these all over a vacuum magnetic field. Consequently, only when, as 
for what added elements other than Cr, Cr was added to the switched connection magnetic field Hex 
having fallen, it turned out that the switched connection magnetic field Hex increases. 
[0014] Next, in determining Cr addition of a PdPtMnCr alloy as an antiferromagnetism layer, first, 
Ta30A/NiFelOOA was formed on the glass substrate, PdPtMnCr was carried on it, Cr chip was carried 
on the Pd30Pt20Mn50 target, membranes were formed to 350A of thickness by sputtering, and 30A of 
Ta was fiirther formed as a protective coat on it. The heating furnace of 1x10 to 6 or less Torrs of degree 
of vacuums performed heat treatment of 280 degree-Cx 10 hours for this all over the magnetic field of 
IkOe, and the switched connection magnetic field Hex was evaluated. The number of Cr chips carried on 
a target adjusted Cr content similarly on the occasion of sputtering, and actual Cr content was calculated 
by ICP analysis. Change of the lattice constant (a, c) about Cr content and the switched connection 
magnetic field Hex is shown in Table 1 . 
[0015] 



CTft(tt%) 


lft?£R (A) 


Hex(Oe) 


0 


8^4.05 
c:=3.61 


47 


1 


a-4.04 

c»3.60 


55 


2 


ar:4.03 

C=:3.55 


112 


s 


a=4.03 
co3.57 


150 


8 


to4.02 
co3.59 


140 


10 


a::=4.02 
c«3.59 


120 


12 




72 



[0016] It turns out that it will fall if the switched connection magnetic field Hex increases more than at 
2at% and Cr content exceeds 10at% from this table. As this reason, Cr of an atomic radius with smaller 
Pt and Pd atom in a PdPtMn alloy is replaced by addition of Cr, a lattice constant becomes small, the 
distance between Mn atoms becomes short, and it thinks because antiferromagnetism association 
became strong. Moreover, if Cr content exceeds 10at(s)%, in order that Cr atom may go also into the site 
of Mn in a PdPtMn alloy, it is thought that the switched connection magnetic field Hex fell. 
Consequently, Cr content of the PdPtMnCr alloy as an antiferromagnetism layer has the optimal range 
of 2 - 10at%. Furthermore, with a PdPtMn system alloy, since the switched connection magnetic field 
Hex becomes large in 20 - 35at%, this range of Pd content is desirable. 

[001 7] Moreover, the range of heat treatment temperature of 250 degrees C thru/or 300 degrees C is 
desirable. Although it is necessary to heat-treat at the temperature of at least 250 degrees C for sufficient 
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regulation-izing, if 300 degrees C is exceeded, since diffusion between the ferromagnetic layers which 
sandwiched between the ferromagnetic layers which adjoin an antiferromagnetism layer, and/or a 
nonmagnetic conductive layer will become large and degradation of MR property and the interaction 
between a pin magnetic layer / free magnetic layer will become large, it is not desirable. 
[0018] furthermore, the thing for which it has the spin bulb magnetic-reluctance sensor mentioned above 
according to another side face of this invention — magnetic-reluctance rate of change and its linearity 
responsibility ~ excelling ~ high — recording density — the thin film magnetic head [-izing / the 
magnetic head ] is offered. 
[0019] 

[Embodiment of the Invention] Below, the gestalt of suitable operation of this invention is explained 
with reference to an attached drawing at a detail. Drawin g 1 shows the sectional view which looked at 
the magnetic-reluctance sensor of the spin bulb structure which applied this invention from the ABS (air 
bearing side) side, this - spin -r a bulb - magnetic reluctance - a sensor - glass - silicon — aluminum - 
- two -- O -- three - TiC -- etc. -- a ceramic - an ingredient - from - becoming -- a substrate -- a top -- 
having prepared — an alumina (aluminum 203) ~ an insulating layer ~ one - a top ~ thickness — 30 ~ 
A " Ta — from — becoming — a substrate — a layer — two — forming — having — the — a top — a 
substrate — the opposite side — antiferromagnetism — a layer - having arranged — being the so-called — 
topspin -- a bulb -- structure — magnetic reluctance — (— MR — ) — the film — three ~ a laminating — 
carrying out ~ having -****. 

[0020] The MR film 3 has the free magnetic layer 4 which consists of the NiFe film 41 and the Co film 
42 which carried out the laminating on the substrate layer 2, the nonmagnetic conductive layer 5 which 
consists of Cu film, the pin magnetic layer 6 which consists of Co film, and the antiferromagnetism 
layer 7 which consists of PdPtMnCr film. By performing heat treatment among an one direction 
magnetic field at the temperature of 250 degrees C - 300 degrees C in a vacuum after membrane 
formation, the MR film 3 makes the crystal structure of the antiferromagnetism layer 7 regulation-ize, 
and gives an one direction anisotropy to the pin magnetic layer 6, and fixes the magnetization 
orientation. On the MR film 3, the protective coat 8 which consists of Ta is formed. Said each 
membrane layer is continuously formed by for example, DC sputtering. 

[0021] The both sides of the MR film 3 are removed by etching according to the predetermined width of 
recording track, and the electric conduction lead (not shown [ both ]) as an electrode for passing a hard 
bias layer and a sense current etc. is formed. Furthermore, this whole laminated structure is covered with 
an alumina insulating layer, and the spin bulb MR sensor of this invention is completed. 
[0022] For 20at(s)% - 35at% and Mn, the range of 45at(s)% - 55at% and Cr is [ Pd ] 2at(s)% - 10at%, 
and the remainder of the presentation of the antiferromagnetism layer 7 is Pt. With this film 
presentation, the switched connection magnetic field where said antiferromagnetism layer is high 
between pin magnetic layers after heat treatment is obtained. 

[0023] This invention not only in the topspin bulb structure mentioned above in relation to drawin g 1 
The so-called bottom spin bulb structure which has arranged the antiferromagnetism layer to the 
substrate side, the dual spin bulb structure which arranges 2 sets of pin magnetic layers, and an 
antiferromagnetism layer to the symmetry on both sides of a free magnetic layer. It consists of one pair 
of ferromagnetics which a pin magnetic layer combines in antiferromagnetism on both sides of a 
nonmagnetic membrane. It is applicable like the spin bulb MR sensor of well-known various structures, 
such as synthetic (synthetic) type spin bulb structure in which while adjoins an antiferromagnetism layer 
and it and a ferromagnetic carries out switched connection to them under existence of an impression 
field. 
[0024] 

[Example] (Example 1) In MR sensor of drawin g 1 , on the glass substrate, it continued by DC 
sputtering, the spin bulb film of Ta30A/NiFe50A/Col0AyCu25A/Co30A/PdPtMnCr300A/Ta30A was 
formed, and heat treatment was performed all over the vacuum magnetic field of 3000Oe for 250 
degree-Cx 10 hours. The presentation of the PdPtMnCr antiferromagnetism layer 7 was changed and 
MR curve was measured about the each. The result is shown in Table 2. 



http ://www4 . ipdl . inpit . go .j p/cgi -bin/tran_web_cgi_ejj e 



4/25/2007 



■ JP,2000-25 1 226,A [DETAILED DESCRIPTION] Page 5 of 6 



[0025] 
[Table 2] 



Pt(«l%) 


Pd(at%) 


Cf(at%) 


Mn(at%) 


MR(%) 


Hex(Oe) 


22 


28 


0 


50 


7.0 


680 


22 


25 


5 


48 


7.6 


1200 


15 


35 


8 


42 


5.2 


750 


14 


30 


4 


52 


7.« 


1000 


20 


24 


1 


55 


7.2 


720 


18 


32 


5 


45 


7.7 


1100 


18 


25 


12 


45 


6.8 


760 


22 


20 


8 


50 


7.5 


1150 


IB 


18 


9 


55 


6.8 


790 



[0026] Mn sets 45at(s)% - 55at% 20at(s)% - 35at%, Cr sets [ Pd ] in the range of 2at(s)% - 10at%, the 
switched connection magnetic field Hex is notably large, and this table shows that MR ratio is 
remarkably high. 

[0027] (Example 2) Similarly, in MR sensor of drawin g 1 , on the thermal oxidation Si substrate, it 
continued by DC sputtering and the spin bulb film of 

Ta30A/NiFe60A/ColOA/Cu25A/Co30A/PdPtMnCr250A/Ta30A was formed. The presentation of the 
PdPtMnCr antiferromagnetism layer 7 was made into two kinds, Pd23Pt22Mn50Cr5 and 
Pd24Pt22.5Mn52Crl.5, and it heat-treated all over the vacuum magnetic field of 3000Oe(s) for 5 hours. 
Heat treatment temperature was changed to five steps to 230 degrees C to 250 degrees C, 270 degrees C, 
300 degrees C, and 320 degrees C. MR curve was measured after heat treatment about the each, and 
change of the switched connection magnetic field Hex and MR ratio was investigated. The result is 
shown in Table 3. 
[0028] 
[Table 3] 
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Hcx(Oe) 


MRJt(%) 


230 


Fd23Pt22M]i50Ci5 


800 


6.5 


2S0 


Pd23Pt22Mii50Cr5 


1220 


7.6 


270 


P423Pt22Ms50Ci5 


1270 


7.6 


300 


Pd23Pt22MB50Cr5 


1350 


7.1 


320 


Pd23Pt22Mii50Ci5 


1390 


5.0 


230 


Pd24Pt22.SMo52Cil.5 


750 


6.4 


250 


Pd24Pt22.5Mn52Cri^ 


780 


7.1 


270 


Pd24Pt22.SMnS2Crl.5 


820 


7.1 


300 


Pd24Pt22.5Ma52Crl^ 


840 


6.7 


320 


Pd24Pt22.5M]i52Crl.5 


850 


4.8 



[0029] At 5at(s)% which has Cr content within the Hmits of this invention, as compared \yith that whose 
Cr content is 1.5at(s)%, it is not based on heat treatment temperature, but this table shows that it is 
notably large, and MR ratio is remarkable, and the switched connection magnetic field Hex is high. 
Moreover, when heat treatment temperature is made into the range of this invention (250 degrees C, 270 
degrees C, 300 degrees C), the switched connection magnetic field Hex and MR ratio are high. The 
switched connection magnetic field Hex and MR ratio of what made heat treatment temperature 230 
degrees C as compared with this are small. Moreover, in the heat treatment temperature of 320 degrees 
C, although the switched connection magnetic field Hex is large, its MR ratio is low. Thus, the range of 
heat treatment temperature of 250 degrees C - 300 degrees C is proper. 
[0030] 

[Effect of the Invention] According to the spin bulb magnetic-reluctance sensor of this invention, so that 
clearly from the above explanation Cr is added in 2at(s)% - 10at% into a PdPtMn alloy. Pd 20at(s)% - 
35at%, By forming an antiferromagnetism layer with the PdPtMnCr alloy which set Mn the range of 
45at(s)% - 55at%, and set the remainder to Pt, and heat-treating After heat treatment, the larger switched 
connection magnetic field Hex than before is obtained, thereby, magnetization of a pin magnetic layer 
does not rotate, but the fall of MR output is controlled by the bias magnetic field of a magnetic head, 
and improvement in a playback output and its thermal / magnetic stability are attained. Furthermore, 
according to this invention, by obtaining the spin bulb magnetic-reluctance sensor which raised the 
magnetic transfer characteristics, such as high magnetic-reluctance rate of change, linearity 
responsibility, etc., a raise in recording density is possible and the magnetic head of high performance 
and high-reliability can be realized. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
deunages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The spin bulb magnetic-reluctance sensor characterized by being a spin bulb magnetic- 
reluctance sensor equipped with the magnetic-reluctance film which carried out the laminating of one 
pair of magnetic layers arranged on both sides of a nonmagnetic conductive layer on a substrate, and the 
antiferromagnetism layer which adjoins said one magnetic layer, and for said antiferromagnetism layer 
consisting of a Pd-Pt-Mn-Cr alloy, and heat-treating for the regulation-izing. 

[Claim 2] The spin bulb magnetic-reluctance sensor according to claim 1 characterized by for the film 
presentation of said antiferromagnetism layer setting Pd, and setting [ Mn ] the remainder to Pt for Cr 20 
- 35at% 2 . 10at% 45 - 55at%. 

[Claim 3] The spin bulb magnetic-reluctance sensor according to claim 1 or 2 characterized by being the 
range whose temperature of said heat treatment is 250 degrees C thru/or 300 degrees C. 
[Claim 4] The thin film magnetic head characterized by having a spin bulb magnetic-reluctance sensor 
according to claim 1 to 3. 



[Translation done.] 
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